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Statement  of  the  Problem  Studies 


The  U.  S.  Radford  Arniy  Ammunition  Plant  (RAAP),  located  in  South¬ 
west  Virginia,  is  a  large  industrial  complex  situated  in  a  forested 
topographic  bowl.  The  production  of  nitrogenous  based  propellants  and 
fertilizers  results  in  the  emission  of  substantial  quantities  of  oxides 
of  nitrogen  (N0x),  the  most  biologically  important  being  nitrogen  dio¬ 
xide  ( NO2 ) -  The  RAAP  produces  its  own  electrical  and  steam  power 
through  coal-fired  generators,  which  results  in  the  emission  of  S02. 

Levels  of  0^  above  the  National  Ambient  Air  Quality  Standards  (NAAQS) 

(8  pphm/1  hour/once  per  year)  have  been  monitored  at  RAAP  and  in  the 
surrounding  mountains  of  Southwestern  Virginia.  Thus,  three  of  the 
major  air  pollutants  (03,  S02,  and  N0X)  are  present  in  the  ambient 
atmosphere  at  RAAP.  The  facility  is  located  in  a  topographic  bowl 
within  a  region  of  numerous  atmospheric  thermal  inversions,  and  there¬ 
fore  is  isolated  from  other  major  pollutant  sources.  It  is  an  excel¬ 
lent  area  for  determining  the  growth  impact  of  air  pollution  on  forest 
trees.  It  is  also  an  exceptional  area  in  which  to  test  potential 
bioindicator  systems. 

>  The  study  objectives  of  this  research  were: 

/I)  To  determine  if  the  pollution  levels  alone  were 

responsible  for  the  observed  growth  suppressions  in 

trees  growing  at 'RAAP.'-' Kv -1  A  -  •  t  •>  -•  “  ••  r  ‘  A  A  P  ' 

'  J 

2)  To  screen  several  full-sib  families  of  loblolly  pine 
and  half-sib  families  of  American  sycamore  for  tol¬ 
erance  or  sensitivity  to  0^,  S02,  and  N02. 

!  3)  To  identify  and  quantify  the  effects  to  loblolly 
pine  and  sycamore  of  long-term  low-level  exposures 
to  03,  S02  and  N02  in  combination.  . 


4)  To  demonstrate  the  success  or  failure  of  the  abate¬ 
ment  programs  now  being  initiated  at  the  RAAP,  with 
loblolly  pine  and/or  American  sycamore  as  bioindica¬ 
tors. 

("5)  To  contribute  to  the  field  of  air  pollution  effects 
on  plants  an  understanding  of  the  growth  impact  of 
pollutant  interactions. 


Summary  of  the  Most  Important  Results 


Grafts  were  made  using  2-0  rootstock  and  scion  from  12  ortets  of 
eastern  white  pine  (Pinus  strobus  L.)  growing  at  the  Radford  Arrty 
Ammunition  Plant  (RAAP).  The  12  ortets  represented  4  symptom  severity 
classes  (3  ortets/class)  ranging  from  trees  with  25%  of  their  crowns 
exhibiting  necrotic  tipburn  (Class  I)  to  those  with  healthy  crowns 
(Class  IV).  Grafts  were  made  in  spring  1976  and  ramets  were  grown  in 
a  greenhouse  drawing  charcoal  filtered  air.  Each  treatment  was  per¬ 
formed  twice,  on  separate  days  for  a  total  of  10  ramets/clone/treatment. 
Five  ramets/clone  were  used  in  each  6  hour  treatment.  The  current  year's 
growth  was  7-10  weeks  old  when  treated.  The  treatments  were  as  follows: 

1)  O^-lOpphm,  2)  03-30pphm,  3)  NOg-lOpphm,  4)  N02"30pphm,  5)  0^-10+ 

N02-30pphm,  7)  no  pollutant.  The  fumigation  chamber  was  a  modified 
open- top  field  chamber  located  indoors.  Environmental  conditions  during 
the  14  treatments  averaged:  26  C,  64%  RH,  and  16  Klux.  The  ramets  were 
evaluated  prior  to  fumigation  and  then  2,  7,  and  14  days  thereafter  for 
visible  symptoms.  The  overall  injury  was  generally  light  with  only  11%  of 
the  clone  treatment  combinations  exhibiting  injury  on  25%  of  the  needle 
fascicles.  Clones  1-1  and  1-2  were  the  most  sensitive  clones  while 
clones  III-l,  IV-2  and  to  a  lesser  degree  clones  1 1 1- 3  and  IV-1  were 
tolerant.  These  results  agree  with  field  ratings  of  eastern  white  pine 
sensitivity  at  the  RAAP  and  provide  the  first  step  in  the  development  of 
an  air  pollution  bioindicator  system  at  the  installation. 

Several  full-sib  families  of  loblolly  pine  and  half-sib  families 
of  American  sycamore  were  screened  for  sensitivity  to  0^,  N02,  or  S02. 
Based  on  the  results  of  the  screening  experiments,  a  sensitive  and  a 


tolerant  family  of  each  species  was  selected  to  study  the  effects  of 
long-term  low-level  exposures  with  O3,  NOg,  and  SOg  singly  and  in  com¬ 
bination.  The  two  families  of  loblolly  pine  were  also  used  to  deter¬ 
mine  the  effects  of  ambient  Radford  Arnty  Ammunition  Plant  (RAAP)  air 
on  forest  trees. 

One  to  two  week  old  trees,  produced  from  seed,  were  exposed  to 
5pphm  O3,  lOpphm  NO2,  and  14pphm  SO^.  The  treatments  were  control, 
alone,  SO2  alone,  NOg  alone,  O3  +  SO2,  O3  +  NOg,  and  O3  +  SO2  +  NO2. 
The  plants  were  exposed  6  hours  per  day  for  28  or  56  consecutive  days. 
Significant  height  growth  suppressions  were  noted  in  the  sensitive 
family  of  both  species  in  all  treatments  except  NO2  alone  for  pine  and 
both  the  N02  alone  and  the  03  +  N03  for  sycamore.  Ozone  +  S02  had  a 
more  significant  effect  than  either  one  alone,  and  adding  N02  further 
suppressed  the  height  growth  of  the  sensitive  family  of  each  species. 
Significant  height  growth  suppressions  were  noted  for  the  tolerant 
family  of  both  species  only  in  the  combination  treatments.  Adding  NO2 
to  the  O3  +  SO2  further  suppressed  height  growth  in  tolerant  sycamores 
but  not  in  tolerant  pines.  Overall,  the  sensitive  sycamores  exhibited 
greater  height  growth  suppressions,  45%  versus  34%  for  the  tolerant 
sycamores.  The  sensitive  pines  suffered  30%  height  growth  suppression 
versus  14%  for  the  tolerant  pines.  Foliar  injury  was  never  evident  on 
the  sycamores  and  it  never  exceeded  5%  on  the  pines. 

The  trees  exposed  to  ambient  air  at  RAAP  were  planted  in  open- top 
chambers.  At  each  of  three  separate  sites  the  treatments  were  char- 
coal-filtered  air,  non-filtered  air,  and  an  open  plot.  The  treatments 
were  performed  for  the  entire  1977  growing  season  (May-October) . 


The  sensitive  pine  family  exhibited  up  to  a  40%  height  growth  sup¬ 
pression  in  non-filtered  versus  filtered  air,  in  the  complete  absence  of 
foliar  symptoms.  The  tolerant  pine  family  exhibited  up  to  a  29% 
height  growth  suppression  in  non-filtered  versus  filtered  air.  The 
sensitive  family  was  taller  than  the  tolerant  family  in  filtered  air, 
but  smaller  than  the  tolerant  family  in  non-filtered  air. 

This  research  provides  strong  evidence  in  support  of  the  occur¬ 
rence  of  invisible  damage.  Significant  height  growth  suppressions 
were  demonstrated  for  both  of  these  forest  tree  species  in  response  to 
pollutants  at  concentrations  below  the  National  Ambient  Air  Quality 
Standard  for  each  pollutant.  These  results  demonstrate  that  air  pollu¬ 
tants  may  be  having  significant  impact  on  the  growth  of  forests.  Also 
demonstrated  by  this  research  was  the  potential  use  of  selected  families 
of  loblolly  pine  and  American  sycamore  as  bioindicators  of  ambient  air 
pol lution. 
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Two-  to  four-week-old  seedlings  of  10  eastern  forest  species 
were  exposed  to  0,  0.5,  0.10  or  0.15  ppm  0^,  and  two-  to  four-week- 
old  seedlings  of  7  tree  species  were  exposed  to  0.10  ppm  0^  and/or 
0.10  ppm  NO ^  in  6  hr/day  exposures  for  28  consecutive  days.  Lob¬ 
lolly  pine  and  American  sycamore  exhibited  significant  growth 
suppressions,  while  white  ash  and  yellow  poplar  exhibited  signi¬ 
ficant  growth  stimulations  when  exposed  to  0.05  ppm  0^.  Yellow 
poplar  and  Virginia  pine  were  the  only  species  that  failed  to  show 
any  significant  adverse  growth  effects  in  response  to  the  0.15  ppm 
03  treatment.  In  several  instances,  significant  growth  effects  were 
noted  in  the  absence  of  foliar  injury.  Nitrogen  dioxide  alone 
significantly  suppressed  root  and  total  dry  weight  of  sweetgum.  The 
only  significant  interaction  effects  noted  between  03  and  N0^  were 
less  than  additive.  This  study  suggests  the  potential  for  adverse 
effects  at  pollutant  concentrations  below  the  current  National 
Ambient  Air  Quality  Standards. 
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KRESS,  L.  W.,  J.  M.  SKELLY  and  K.  H.  HINKELMANN.  1981.  Relative 
sensitivity  of  eighteen  full-sib  families  of  Pinus  taeda  to  0V 
Can.  0.  For.  Res.  11:  J 

Seedlings  of  18  full -sib  families  of  loblolly  pine  were 
screened  for  sensitivity  to  0.10,  0.15,  0.20,  or  0.25  ppm  0^  in  8 
hr  exposures.  Primary  needles  of  newly  germinated  seedlings  and 
secondary  needles  of  1-yr-old  trees  were  exposed  when  the  needle 
ages  were  3-4  wk  and  8-12  wk,  respectively.  Significant  variation 
in  foliar  symptom  expression  was  noted  among  families,  and  was 
nearly  identical  for  both  primary  and  secondary  needles.  Family 
6-13x2-8  was  the  most  sensitive  in  8  of  9  treatments,  and  was 
significantly  more  sensitive  than  the  remaining  17  families  in  5  of 
9  treatments.  In  all  cases,  family  6-13x2-8  sustained  greater 
injury  than  the  families  involving  parent  tree  504  (3  families)  and 
the  difference  was  significant  in  8  of  9  treatments.  The  data 
suggest  that  it  may  be  feasible  to  use  sensitive  and  insensitive 
families  of  loblolly  pine  as  air  pollutant  bioindicators,  although 
considerable  further  development  is  necessary.  The  finding  that 
sensitivity  and  tolerance  may  be  heritable  warrants  further  study. 


KRESS,  L.  W.,  J.  M.  SKELLY  and  K.  H.  HINKELMANN.  1982.  Growth  impact 
of  CL,  N(L,  and/or  S02  on  Pinus  taeda.  Accepted  for  publication  Environ. 
Monit.  Assess. 

Seedlings  of  two  full-sib  families  of  loblolly  pine  expressing 
different  degrees  of  sensitivity  to  0^  were  exposed  to  0.05  ppm  0^, 

0.10  ppm  N02,  and/or  0.14  ppm  S02  for  6  hr/day  for  28  consecutive 
days.  The  treatments  were  0^,  N02,  S02  (each  used  alone),  0^  + 

S02,  03  +  N02,  and  03  +  N02  +  SO,,.  Significant  growth  suppressions 
were  noted  with  the  relatively  sensitive  family  in  all  but  the  N02 
alone  treatments.  The  03  +  S02  treatment  had  a  more  significant 
effect  than  03  alone,  but  adding  N02  had  an  inconsistent  effect. 
Significant  growth  suppressions  were  notedfor  the  relatively  non¬ 
sensitive  family  only  in  the  03  +  S02  and  03  +  S02  +  N02  combination 
treatments.  Adding  N02  +  03  +  S02  had  a  slightly  stimulatory  effect. 

The  relatively  sensitive  pine  family  suffered  a  30%  height  growth 
suppression  versus  a  14%  height  growth  suppression  for  the  relatively 
insensitive  family  when  exposed  to  the  3  pollutant  combination. 

Symptoms  were  noted  on  less  than  4%  of  the  foliage  in  the  most  severe 
treatments.  The  pollutant  concentrations  used  in  this  study  were 
below  the  National  Ambient  Air  Quality  Standards  (NAAQS)  for  each 
pollutant. 
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KRESS,  L.  W.,  J.  M.  SKELLY  and  K.  H.  HINKELMANN.  1982.  Growth  impact 
of  O3,  NO2,  and/or  SO2  on  Platanus  occidentalis.  Agric.  and  Environ. 

Seedlings  of  two  half-sib  families  of  American  sycamore  were 
exposed  to  0.05  ppm  0^.  0.10  ppm  NOg,  and/or  0.14  ppm  SO,,  for  6 
hr/day  for  28  consecutive  days.  The  treatments  were  0^,  SC^ 
(each  used  alone),  0^  +  SO2,  03  +  NO2,  and  0^  +  NO2  +  SO2. 

Significant  growth  suppressions  were  noted  for  both  families  when 

exposed  to  03  +  SO2  or  0^  +  SO2  +  NOg.  The  C>3  +  SO2  treatment  had  a 
more  significant  effect  than  03  alone,  and  adding  N02  to  the  0^  +  S02 

treatment  further  suppressed  height  growth  significantly.  A  45%  and 

34%  growth  suppression  was  observed  for  the  two  families  (16-Syc-19 
and  16-Syc-23),  respectively,  in  response  to  the  three  pollutants  in 
combination.  The  height  growth  of  both  families  was  significantly 
suppressed  by  03  alone  in  some  cases.  Both  families  exhibited  sig¬ 
nificant  height  growth  recovery  2  wk  after  removal  of  the  pollutant 
stress.  Pollution-induced  foliar  injury  was  never  evident  on  the 
seedlings. 
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